Abstract Hydatidosis is caused by a tapeworm which infects humans by the larval stage. In humans, the disease is so serious that it requires surgery for treatment. Documents show that there have been many efforts in finding new scolicidal agents for reducing the rate of the infection. The objective of this study was determination of the scolicidal effect of two fungal chitosan types, produced from Penicillium spp. and commercially chitosan (CC) on Echinococcus granulosus protoscolex. Protoscolices were aseptically aspirated from sheep livers hydatid cysts. Four concentrations (50, 100, 200, 400 lg/ml) of each type of prepared chitosan were used for 10, 30, 60 and 180 min. Viability of protoscolices was detected by 0.1 % eosin staining. Fungal chitosan which was the most bioactive type with higher degree of deacetylation showed stronger scolicidal activity in vitro (P \ 0.05). Fungal chitosan could be recommended, as good as CC for hydatid cysts control and is a noble alternative for synthetic and chemical scolicidal.
Introduction
Chitosan with poly-N-acetylglucosamine sequences is deacetylated derivative of chitin obtained from outer skeleton of crabs, shrimp, lobster, cuticles of insects and cell wall of fungi. Chitosan as a cationic natural polysaccharide and biodegradable biopolymer demonstrated to be biocompatible with no toxicity (Nishimura et al. 1984) . Chitosan has been widely uses in pharmaceutical formulation, food engineering, biotechnology, agriculture industry and cosmetics. Due to its unique properties the considerable antimicrobial, antiviral and antifungal activities of chitosan receives such a great attention in biomedical field (Chatelet et al. 2001; Niederhofer and Muller 2004; Nwe et al. 2001; Shahidi et al. 2005) . The ratio of 2-acetamido-2-deoxy-D-glucopyranose to 2-amino-2-deoxy-D-glucopyranose structural units is one of the important parameter in chitosan, named the degree of deacetylation (DD), has effect on the solubility, intrinsic, extrinsic properties and anti-parasitic activities (Khan et al. 2002) . Echinococcosis is a zoonotic parasitic disease which caused by Echinococcus granulosus (E.g). The mature stage of E.g is found in the small intestine of dog as final host, human, cattle, and sheep as intermediate hosts are infected by ingesting the eggs. The released embryo crosses the intestinal wall to become located in the liver, lungs, or any other organ where the larval form of the parasite develops. To complete the parasite's life cycle, dog acquires the parasite during the consumption of fertile hydatid cysts (Larrieu et al. 2001) . Echinococcosis in humans and animals is an economic and public health concern in many parts of the world. Cystic hydatid disease affects mainly the liver (50-70 % of all cysts) but can also develop in lung (20-30 %) and, less frequently, in spleen, kidney, bone, brain, and other organs (Ammann and Eckert 1996) . Avoiding spillage of the cyst contents and the use of effective scolicidal agents are essential to reduce the recurrence rate (Topcu et al. 2009 ). Currently, many scolicidal agents, which have some complications of their own, have been used for inactivation of the cyst content (McManus et al. 2003 ). Recently, a wide variety of researchers have targeted bacteria and fungi rather than parasites as target organisms for chitosan (Li et al. 2008; Tayel et al. 2010a; Tikhonov et al. 2006; Tokura et al. 1997; Xu et al. 2007) . A piece of information is available on the antiparasitic effects of chitosan obtained from fungi. Penicillium genus isolated from agricultural soils in Iran and can be easily cultivated in low cost of culture media. The objective of this study is comparing the scolicidal effect of chitosan isolated from cell wall of Penicillium waksmanii and Penicillium citrinum with available commercial chitosan by in vitro. In this experiment, effect of fungal chitosan (FC) and commercially chitosan (CC) concentrations, exposure time and DD on viability of protoscolices of E.g was evaluated.
Materials and methods

Collection of protoscolices
The E.g protoscolices were collected from the livers of infected sheep slaughtered at Sari slaughterhouse, Mazandaran Province, in northern Iran. The hydatid fluid was transferred into test tube under sterilized condition and left to set for 30 min. The supernatant was removed and the remains protoscolices were washed with normal saline.
Extraction of chitosan
Low molecular weight commercial chitosan was purchased from Fluka (CC). Two Penicillium species, P. waksmanii and P. citrinum from the department of mycology at Mazandaran Agriculture University, were used as a source of fungal chitosan (FC). The fungal chitin was deacetylated by a modified method of (Rane and Hoover 1993) . After cultivation of fungal mycelia, the dry biomass were suspended with NaOH solution (1 molar) and autoclaved at 121°C for 20 min. The Alkaline undissolved fractions were collected by centrifugation at 12,000 rpm for 20 min, washed with distilled water and recentrifuged to obtained pH 7. The precipitation was further extracted using 2 % acetic acid at 95°C for 8 h. The insoluble particles suspension was centrifuged, then the supernatant solution was neutralized with NaOH (2 M), the solution centrifuged and the precipitated chitosan was washed with distilled water. DD of FC and CC was measured by FT-IR spectroscopy (Perkin Elmer Pergamon 781, from 4,000 to 450) and the calculation proposed as DD = 100-[(A CO /A OH ) 9 100/ 1.33] (Miya et al. 1980) . To preparation of chitosan solutions, each prepared chitosan sample from Penicillium species and CC was dissolved in 1 % (w/v) acetic acid solution and then neutralized the solution by 1 molar NaOH (medium).
Scolicidal assay
Four concentrations of the chitosan solution (50, 100, 200, and 400 lg/ml) were prepared. Then 10,000 washed protoscolices was added in batches into 2 ml of each chitosan solutions and gently mixed. The mixed solution was incubated at 37°C for 10, 30, 60 and 180 min. Two milliliters of 0.1 % eosin stain was then added to their remaining settled protoscolices and mixed gently. The upper portion of the solution was discarded after 15 min of incubation. The pellet of protoscolices was examined under a light microscope. The percentages of dead protoscolices were determined by counting a minimum of 250 (usually more than 500) protoscolices. The Control experiment was samples containing medium without chitosan.
Viability
The viability of the protoscolices was detected by 0.1 % eosin as vital dye under a light microscope. The protoscolices with no absorbed dye were considered potentially viable and otherwise, they were recorded as dead (Figs. 1, 2 ).
Statistical analysis
Triplicate trials were performed for each experiment. Statistical calculations were carried out by Kruskal-wallis single-direction analysis, using the SPSS software package. P-values of \0.05 were considered significant. 
Results
In the present study, the DD and scolicidal activity for the prepared chitosan from P. waksmanii, P. citrinum and commercial one are shown in Tables 1, 2 , 3 and 4. The results indicate that there were significant difference between FC, CC and control group at 10, 30, 60, 180 min of exposure times with P value = 0.044, 0.006, 0.001 and 0.0001, respectively. As represented in Table 2 , P. waksmanii with 65.1 % of DD showed high scolicidal activity at the concentration of 50, 100, 200 and 400 lg/ml with 95, 99, 100, 100 mortality rate after 180 min, respectively. The percentage reduction of protoscolices was observed in all tested concentration of chitosan with mortality rate range between 89 and 100 % which was represented significant difference with control group (P value = 0.024, 0.015, 0.010 and 0.003) respectively, Although chitosan failed to inhibit the growth of protoscolices completely, in the less concentration than 400 lg/ml. As illustrated in Fig. 3 , with the increase of chitosan deacetylation degree, the antiparasitic activity was increased sharply. It seems that higher concentrations, DD and exposure time were more effective in scolicidality. The results of our study indicated that FC and CC represented high scolicidal activity in vitro.
Discussion
The investigation on the antimicrobial activity of chitosan is a hot topic, but there is a few attention on antiparasitic effect of chitosan (Tayel et al. 2010b; Tokura et al. 1997; Xu et al. 2007 ). It has been discussed that the antimicrobial activity of chitosan influenced by its molecular weight, DD, pH of chitosan solution and the target organism (Tokura et al. 1997 ). Most of the researchers found that with increasing DD the chitosan activity against fungi and bacteria increased. As reported above, the physicochemical properties of produced fungal chitosan obviously affected their antiparasitic activities. The increase of DD up to 65.1 % achieved higher scolicidal activity in reduction the number of living cysts (Tayel et al. 2010a; Xu et al. 2007 ). We found that, DD as a main factor shows significant correlation to fungal chitosan inhibitory effect, similar to the result of Ikinci et al. (2002), Tayel et al. (2010b) , Tipparat and Oraphan (2008) , highest degraded chitosan serve a better inhibitory effect on Escherichia coli, Chitosan has a cationic nature, increasing DD would result greater existence of -NH 3 ? group, in which amino group interact with a negative charged microbial plasma membrane, promote the leakage of intracellular constituent and disrupture of cell membrane (Guo et al. 2008) . Another possible mechanism proposed that the high concentration of chitosan, enable it to make a film which chelate nutrient material and causing the biomaterial inaccessible for survival indirectly (Li et al. 2008) . Several studies demonstrated that considering fungi as a source of chitosan over the other traditional sources has beneficial advantages including easy access, low cost culture nutrient and processing, independence of seasonal varieties (Tayel et al. 2010a; Tajdini et al. 2010) . Tajdini et al. (2010) investigated on isolated chitosan from Rhizomucor miehei and Mucor racemosus and their potential against six bacteria strains and two fungal strains and yeast. They reported fungal chitosan showed higher antibacterial activity against gram negative bacteria rather than shrimp chitosan at 0.05-0.2 % concentration. As reported by Roller and Covill (1999) , Seyfarth et al. (2008) Candida spp. showed more sensitivity to fungal chitosan. However, Liu et al. (2004) , No et al. (2006) , Je and Kim et al. (2006) published that gram positive bacteria were more sensitive to crustacean chitosan rather than fungal chitosan. This might be attributed to impurities in fungal chitosan causes lower antimicrobial effect. Tayel et al. (2010b) reported fungal chitosan obtained from Mucor rouxii strains were more effective on stopped the growth of the yeasts. As reported in our result, exposure time could be an important parameter in blocked the viability of potoscolices. Similarly reported by Gómez-Rivas et al. (2004) , Tajdini et al. (2010) and Tavassoli et al. (2012) prolonging the exposure time could improve the minimum inhibitory concentration value. The data indicate that scolicidal effect of FC and CC increased with increase of concentration. Similar reported by Jeihanipour et al. (2007) much higher concentration is need to reduce the viability of bacteria strains. Various studies have evaluated the effectiveness of synthetic scolicidal agents and herbal medicines for inactivation of protoscolices of hydatid cyst. Many of these scolicidal agents may causes origin undesirable complications that limit their use (Moazeni and Alipour-Chaharmahali 2011; Moazeni and Roozitalab 2012; Sadjjadi et al. 2008) . Various investigations proposed the use of albendazol, mebendazol, isoquinolinec, benzimidazole, carbamate and praziquantel as safe scolicidal agent, however the length of treatment and drug resistance limit their uses (Chinnery and Morris 1986; Morris et al. 1987) . Taylor et al. (1990) suggesting praziquantel to be a most active protoscolicidal agent, while achieved complete growth inhibition of protoscolices with 250 lg/ml albendazole sulphoxide, needing up to 31 days to reach a comparable effect. To administer of chitosan in combination to other agents might reduce the drug resistant, complications, and obtained much shorter periods of treatments. The high number of published Fig. 3 Effect of degree of deacetylation (DD) on the mortality rate of protoscolices studies discusses chitosan's potential to be used as a safe material and promising exepient for the pharmaceutical industry for medication applications (Singh et al. 2011) .
Conclusion
According to the results of our study, fungal and commercially chitosan with concentration in 400 lg/ml killed all protoscolices of hydatid cyst at the end of 180 min. The highest effect was gained by higher DD, concentration and prolonging of exposure time. Our data suggest that fungal chitosan can be a promising source of potential antiprotoscolices. Although, we here demonstrate the in vitro parasiticidal activity of chitosan was satisfactory, in vivo efficacy of chitosan solutions, its derivatives and nanoparticles remain to be more investigated. Fungal chitosan seems to be economical for reduced the cost of medication because of the easy access to native chitosan and its availability.
